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Purpose and procedures 
N o n - d e s t r u c t i v e measurement o f f ru i t q u a l i t y l ias been an impo r tan t o b j e c t i v e th rough 
recent years ( A b b o t t , 1999). Near in f ra red spec t roscopy ( N I R ) is app l i cab le to the 
q u a n t i f i c a t i o n o f chemica l s in foods and N I K " laser s p e c t r o s c o p y " can be used to 
est imate the f i rmness o f f ru i ts . H o w e v e r , d ie m a i n l i m i t a t i o n o f current op t i ca l 
techn iques that measure l ight t ransmiss ion is that they do not account for the c o u p l i n g 
be tween absorp t ion and scat ter ing ins ide the t issue, w h e n q u a n t i f y i n g the in tens i t y o f re-
emi t ted l igh t . I he so lu t i on o f th is l i m i t a t i o n was the goal o f the present w o r k . 
T i m e d o m a i n laser re f lec tance spec t roscopy ( T D R S ) , deve loped for use in the Held o f 
m e d i c i n e , has been app l ied for the f irst l i m e in the eva lua t i on o f f ru i t in te rna l q u a l i t y or 
Iresh food . It a l l o w s the s imu l taneous non -des t ruc t i ve measurement o f t w o op t i ca l 
charac ter is t ics o f the t issues: l ight sca t te r ing and abso rp t i on , o b t a i n i n g i n f o r m a t i o n on 
the i r chemica l 
c o m p o s i t i o n and 
s t ruc ture , us ing the same 
wave leng ths . Th i s 
techn ique ( C u b c d d u et a l , 
1999) measures the 
t empora l b r o a d e n i n g o f a 
short l igh t pulse 
t ransmi t ted t h rough the 
f ru i t t issues. T h e l ight 
source is a pu lsed laser. 
T h e recorded s ignal 
( ins tead o f i n tens i t y as a 
f unc t i on o f w a v e l e n g t h as 
in t rad i t i ona l spec t roscopy) is here a count o f pho tons in l i m e al each w a v e l e n g t h . T w o 
var iab les are ob ta ined per w l . : absorp t ion coe f f i c i en t ( u a ) and sca t te r ing coef . (>i\). 
A database was created f r om T D R S measurements on 4 9 0 apples, 220 tomatoes , 200 
peaches and 170 k i w i f r u i t s in V I S (/. at 6 7 2 , 750 & SI Sum) and N I R (X f r o m 9 0 0 to 
lOOOnm, tuneable each l O n m ) , over a three-year pe r i od . Des t ruc t i ve measurements 
were car r ied out as references: sk in punc tu re , M a g n e s s - T a v l o r pene t ra t i on , quasi-stat ic 
c o m p r e s s i o n , sk in V I S re l lec tance ("/,,). t i t ra tab le ac i d i t y and sugars ( r e f r ac l ome le r ) . 
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Data ana lys is cons is ted o\' a three step s tat is t ica l process. F i rs t , P r inc ipa l C o m p o n e n t 
A n a l y s i s ( P C A ) and M u l t i p l e S tepw ise L inear Regress ion ( M S L R ) were used to f ind 
re la t ionsh ips be tween the T D R S measurements and the references. T h e n C l u s t e r i n g was 
app l ied to " n a t u r a l l y g r o u p " f ru i ts a c c o r d i n g to the i r q u a l i t y : three scales ( f i rmness , 
sugars and ac ids) we re estab l ished d y n a m i c a l l y w i t h 3 classes each ( h i g h , m e d i u m , or 
l o w ) , and eve ry samp le was g i v e n 3 scores d e p e n d i n g on its measured leve ls , f i n a l l y , 
mode l s for independent es t ima t i on these 3 q u a l i t y parameters were bu i l t w i t h 
D i s c r i m i n a n t A n a l y s i s ( D A ) . 
Resu l t s a n d d i s c u s s i o n 
W i t h P C A , most o f the f i rmness var iab les s h o w e d cons is tent co r re l a t i on ( > 0 . 7 5 ) w i t h 
T D R S sca t te r ing in the V I S reg ion . T h e T D R S var iab les in the N I R reg ion we re w e l l -
cor re la ted (>0 .S) w i t h taste a t t r ibu tes . D A m o d e l s fo r f i rmness es t ima t i on (exp la ined 
var iab les max force M a g n e s s - T a v l o r o r punc tu re s lope) we re bu i l t u s i n g v i s i b l e 
w a v e l e g l h s ( V I S / . ) , and m o d e l s for sugars and acids us ing N I R data. T h e percentages 
o f w e l l - c l a s s i f i e d samples in three q u a l i t y classes for each m o d e l arc summar i sed in 
table I . as w e l l as the c o r r e s p o n d i n g va l i da t i ons b e l o w . 
f ab l e I . S u m m a r y o f c l ass i f i ca t i on mode l s (12 ) for non-des t ruc t i ve es t ima t i on o f 
f i rmness , sugar content and ac id i t y , f o r each q u a l i t y parameter and f ru i t , the 
e x p l a i n e d var iab le is i nd ica ted and n u m b e r o f f D R S wave leng ths used 
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C o n c l u s i o n s 
T D R S is app l i cab le fo r the op t i ca l charac te r i sa t ion o f the in te rna l p roper t ies o f f ru i ts . 
A n a l y s i s o f V I S and N I R data for apples, tomatoes , k i w i f r u i t s and peaches ind ica tes that 
th is techn ique can be used to pred ic t f i rmness , so lub le so l ids content and ac id i t y . 
Resul ts suppor t the hypo thes is that the sca t te r ing coe f f i c i en t shou ld relate to tex tu re 
p roper t ies , w h i l e the abso rp t i on coe f f i c i en t shou ld be associated w i t h chem ica l 
cons t i tuen ts , f u r t h e r research is requ i red to o p t i m i s e the c lass i f i ca t i on pe r fo rmance . 
Ali l i t i i l . J A I W ) . (.hiulity measurement of I'riiits ami vegetables. I'oslharvesl Hiolo&v and IWIinolay,) 
15. no. v 207-25. 
C'IIIICIUIII. K.. A. I ' l l lc i i . I' I.num. <i Valenlim. A Tomccl i . C Valero. M. Kiii/.-Alhscni. and C. Oriiz. 
I W>. Niin-ilcstriteii\ c mc.isiiicmcnis of llic optical properties of fruits by means of lime.resolved 
rcllcclaiicc. Inwrinititinid Ilium,•dual Optus Symposium tlllOS). 
